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Photography of the landing stage (or landing site)
of Luna 16 from the CM on Apollo 14 and by the SM Cameras on
Apollo 15 is investigated. Identification of the Luna 16 descent
stage in photographs of the site (0°41'S, 56°18'E) taken with

the Lunar Topographic Camera (LTC) on Apollo
launch) will not be likely. At the distance
proach, the resolution of the LTC (~16 m) is
lower than that necessary for identification
fact, on Apollo 14 the resolution obtainable

14 (January 31
of closest ap-
about 25 times
of Luna 16. 1In
with the LTC is

not sufficient to permit identification of the landing point

of any soft-landed lunar spacecraft. However, West Crater
(adjacent to the Apollo 11 landing site), the Surveyor 3 crater,
and the impact craters caused by the Apollo 13 and proposed
Apollo 14 S-IVB impacts could be identified in LTC photographs
of the respective areas.

The Luna 16 site will appear in stereo photographs
(»1 m resolution) taken with the Panoramic Camera on Apollo 15.
However, the high sun angles in these photographs (>65°)
coupled with the relatively small size of the spacecraft will
make identification of the Luna 16 descent stage highly un-
likely. The Luna 15 impact crater may be large enough to
be identified in the Apollo 15 photographs.
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MEMORANDUM FOR FILE

I. INTRODUCTION

Photography with CSM cameras on Apollo 14 and/or
Apollo 15 of soft-landed lunar spacecraft, particularly
Luna 16, and craters created by the impact of the Saturn IVB
and the LM Ascent Stage is presently under consideration.: 1In
this memorandum the feasibility of photographing these features
with the cameras on-board Apollo 14 and 15 is considered from
the point-of-view of location and photographic resolution.
The operational problems inherent with these tasks on Apollo 14
(such as orienting the CSM) are not considered.

II. TARGETS

The location of the successful soft-landing lunar
spacecraft - Surveyors, Lunas, and the Apollo LM descent stages,
- are shown in Figure 1, along with the impact points of
impacting lunar spacecraft - the Rangers, the Lunas, the
Apollo LM/AS, and the S-IVB. Also shown in this figure
are the illuminated terminator-to-terminator ground _ )
tracks for Apollo 14 (for a January 31, 1970 launch) and the

extent of the rectified Panoramic Camera coverage of Apollo
15.

Table I lists the approximate size of the targets
and the photographic resolution required for target identi-
fication. The identification criterion used was that, in the
absence of other data, 3-4 resolution elements are required
for positive visual identification from a rhotogravh taken
at moderate sun angles (v40°). Application of this criterion
means that a resolution of better than 0.5 m is required for
identification of Luna 16, 1.0 m for landed Surveyors, 1.5 m
for LM descent stages, 2.1 m for Ranger impact craters, and
15 m for sS-IVB impact craters.

The identification criterion implies that slightly
less resolution and higher sun angles can be tolerated if the
shape and dimensions of the target are known and the photograph
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is scanned electronically. 1In fact, the landing point of
Surveyor 1 was determined by electronic scanning of a Lunar
Orbiter 3 picture taken at a surface resolution of 1.14 m
and at a sun angle of 71°.,*

III. PHOTOGRAPHIC OPPORTUNITIES

A) Apollo 14

The Apollo 14 photographic complement will include
the Lunar Topographic Camera (LTC) which has a resolution of
approximately 5 m from a CSM altitude of 110 km and a reso-
lution of about 1 m from an altitude of 15 km. Photography
from the CSM is feasible on either the low orbit passes
(revolutions 4-12) when the spacecraft is in a 110 x 15 km
orbit or on the high orbit passes (revolutions 13-32) when
the orbit is 110 km circular. Table II shows the distance
of closest approach of the CSM to the targets, the corres-
ponding sun angle at the target, the corresponding resolution
of the LTC, and the resolution required for identification.

Based on these data it can be concluded that on
Apollo 14:

1) no landed spacecraft (i.e., Luna 16, Surveyors,
or LM descent stages) would be identifiable in
any photography taken with the LTC,

2) the craters formed by the impact of the S-IVB
(both Apollo 13 and Apollo 14) could be located
in LTC photographs of the appropriate area, and

3) the crater formed by the impact of the Apollo 12
LM ascent stage, by Rangers, or by Luna 5 could not
be identified in LTC photographs.

Although neither the Apollo 12 LM descent stage nor
the Surveyor 3 spacecraft would be identifiable, the 200 m
crater adjacent to the Apollo 12 landing point (the one in
which Surveyor 3 landed) would be visible in photcgraphs
of this area. West Crater, adjacent to the Apollo 11 landing
point, could also be identified in photographs taken with
the LTC of the appropriate area.

B) Apollo 15

Figure 1 shows the greatest possible extent of the
Panoramic Camera coverage (stereo coverage at 1 m resolution)
on Apollo 15, assuming SIM door jettison post-LM landing and

*Surveyor Program Results, NASA SP-184, 1969.
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parallel orbital science/surface activities. The only targets
within this coverage are the Luna 15 impact crater, the
Luna 16 landing site, and, of course, the Apollo 15 LM.*

The Luna 16 site will be overflown on rev 61 and
the area will be in all nominal rectified pan camera photo-
graphs taken at the appropriate times between revs 54 and
68. Table III lists the sun angle at the site, the length
of the shadow cast by Luna 16, and the resolution of the
rectified photographs at the site as a function of the rev
number. Note that on a 13-day mission the last photographic
pass occurs on rev 57, while on a l4-day duration mission
the last photographic pass of interest is rev 68. From
Table III it can be seen that identification of the Luna 16
landing point is unlikely in any Panoramic Camera photographs
taken on Apollo 15 due to the relatively small size of the
spacecraft (<2 m square), the high sun angle at the Luna 16
site at the time of photography (>65° even on a l4-day mission)
and the resolution of the photography (1 m stereo).

If the Luna 15 impact crater is greater than 4 m
in diameter (implying a high velocity impact), the resolution
of the panoramic photography will be sufficient for identifi-
cation since the CSM overflies the site on revolution 26.

The Luna 15 impact site will appear in all nominal rectified
panoramic photographs (i.e., SIM bay oriented toward the
lunar surface) taken at the appropriate time between revo-
lutions 19 and 33 with the sun angle at the site between

66 and 80°.

Iv. SUMMARY

Identification of the landing site of any soft-

landed lunar spacecraft (including the five Surveyors, the
LM descent stages, and Luna Y, 13, and 16) is not feasible from

the photographs taken with the LTC on Apollo 14 (assuming a

January 31, 1970 launch). However, the S-IVB impact craters
(both Apollo 13 and the proposed Apollo 14) could be located
in photographs of the appropriate region taken with the LTC.
In addition, West Crater (adjacent to the Apollc 11 landin
point) and the crater in which Surveyor 3 landed could be
identified in photographs of the respective areas taken with
the LTC. '

*Additional man-made targets are not overflown on Apollo 15
by earlier jettisoning of the SIM door (either pre-LOI or pre-
DOI) nor by extension of the mission duration to 14 days.




BELLCOMM. INC. -4 -

The Luna 16 landing site and the site of the Luna 15
impact will be overflown on Apollo 15 and stereo photographs
of these areas (+1 m resolution) will be taken with the
Panoramic Camera. However, identification of the Luna 16
spacecraft in the photographs is unlikely due to the relatively
small size of the spacecraft (52 m square), the high sun
angles at the site at the time of the photography (>65°)
and the photographic resolution (1 m).

The Luna 15 impact crater could be located in the
photographs only if the spacecraft impacted at a high velocity
forming a crater >4 m in diameter.

B A Proloande

2015-WLP-kmj W. L. Piotrowski

Attachments
Tables I-III
Figure 1
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4 APOLLO 12
LM AS IMPACT

SHADED AREAS INDICATE ADDITIONAL COVERAGE OBTAINED FOR AN ADDITIONAL
24 HOURS IN LUNAR ORBIT (48 HRS POST-RENDEZVOUS)

NUMBERS REFER TO REV. NUMBER
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